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© Apparatus and methods for testing optical communications networks. 



© A handheld test set including a microprocessor- 
controlled optical transmitter (17) and receiver (18) 
lor testing optical networks such as star couplers. 
Light intensity reflected from a star coupler under 
test is compared with a stored value in order to 



indicate a pass or fail status. Test results are stored 
in a memory (21) for subsequent downloading into a 
database. 



Fig. 2. 
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APPARATUS AND METHODS FOR TESTING OPTICAL COMMUNICATIONS NETWORKS 



The present invention relates to optical com- 
munications networks and in particular to flight con- 
trol systems and other systems for aircraft employ- 
ing fibre-optic networks, ie, so called fly-by-light 
systems. The invention is especially concerned 
with the provision of improved apparatus and meth- 
ods for testing such fibre-optic networks. 

A fibre-optic communications network usually 
comprises at least one light source, a light modula- 
tor for modulating the light source according to 
variations in some parameter relating to one sys- 
tem component, information concerning which is to 
be transmitted as a light signal to one or more 
remote system components, fibre-optic light guides 
inter-connecting said system components, light de- 
modulators for detecting and demodulating the re- 
ceived light signals and, transducers for converting 
the light signals to electrical or mechanical signals 
for activating the remote system components ac- 
cordingly. 

The points in the system at which light is 
coupled into or out of the fibre-optic light guides 
are called Nodes. Light from a single light guide 
may be split into a number of separate light guides 
simultaneously by means of devices known as star 
couplers. 

For example, a flight control computer may be 
connected to several flying control actuators, eg, 
ailerons, rudder, elevators, flaps, slats, engine throt- 
tle by means of a network of fibre-optic light 
guides. In order to provide emergency back-up 
arrangements, operational in the case of failure or 
partial failure of the main flight control system the 
computer the actuators and their receiving ele- 
ments may be duplicated, triplicated or even qua- 
drupled lo form independent systems. The paths of 
the light guides forming the networks associated 
with those independent systems may also be var- 
ied to reduce the possibility of simultaneous loss of 
the main system and all its back-ups. The signals 
provided by the various elements of each indepen- 
dent system may be compared at various stages of 
their networks and subjected to logic voting ar- 
rangements to determine the most likely signal 
required to be acted upon of those presented or to 
determine the location of a failed link in the net- 
work and to make alternative routing arrangements. 

Such systems are obviously complex, but it is 
vital to check as far as possible, both during manu- 
facture and in routine servicing of operational air- 
craft, that the fibre-optic links between nodes and 
star couplers are sound. Such network checking 
procedures are known as Network Characterisation 
(or Network Loss Measurements). 

The measurements are required to demon- 



strate the quality of the optical networks both dur- 
ing assembly and before the installation and con- 
nection of the Avionic equipment. 

A typical known network comprises two 16 

5 node star couplers and associated optical cabling 
and connectors. When assembled these networks 
can take several days to characterise using simple 
test equipment under laboratory conditions. This 
can be done by connecting an optical power meter 

70 . at one node and then moving the transmitter ar- 
ound the network until all free ends had been 
checked. Having done this the power meter is 
moved on to the next node and the process re- 
peated. 

75 This task is onerous within the context of mass 

production of fighter aircraft. For example a 32 
node network tested with light propagated In both 
directions would require 992 separate measure- 
ments to be taken and logged. Streamlining the 

20 network characterisation process within the produc- 
tion environment is therefore highly desirable and 
should result in substantial recurring cost benefits. 

The objects of the present invention are to 
provide test equipment to simplify and speed up 

25 the network characterisation process and to have 
the following features:- 

i) elimination of the necessity for a separate 
inspection stage, 

ii) provision of positive proof of successful test- 
30 ing, 

iii) operable without special skill requirements, 

iv) provision of single ended single operator 
operation, 

v) to have automated storage and recovery of 
35 test results, 

vi) provision for bidirectional testing if required, 

vii) to be hand-held and self-contained, 

viii) to have a facility to allow performance mea- 
surements to be undertaken without dismounting 

40 connectors from polishing fixtures, and y 

ix) to be rugged. , 

According to the present invention an optical 
communications network test equipment for testing 
parameters of light transmitted and received via a 

45 plurality of fibre optic cabled light paths is charac- 
terised by: programmable data storage means, for 
storing test stimulus data, and expected and actual 
response data for each of said light paths; an 
optical transmitter for transmitting light with param- 

50 eters determined by said test stimulus data; an 
optical receiver for receiving light in response to 
actions of said transmitter and for producing said 
actual response data; an optical coupler for cou- 
pling light between the transmitter and receiver and 
said cabled light paths; and comparator means for 
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comparing said actual response data with said ex- 
pected response data. 

The provision of test equipment according to 
the statement made above, preferably in hand-held 
form enables the following new fibre-optic network 
test methods, according to the invention in a further 
aspect thereof, to be realised namely:- 



Method 1 

This checks, the attenuation of the optical path 
with light propagated in one direction 

Method 2 

This injects a known amount of light into a 
network node under test and measures the light 
reflected back from a star coupler. 



Method 3 

This method tests the optical path between any 
two subsystem connections in both directions. 

Equipment in accordance with the invention is 
capable of operating using any of the test methods 
listed above. 

An embodiment of the test equipment accord- 
ing to the invention in its first aspect will now be 
described by way of example only and with refer- 
ence to the following of the accompanying draw- 
ings:- 

Figure 1, which shows a hand-held fibre optic 
test set according to the invention, in use, 
Figure 2, which shows a block schematic circuit 
diagram of the test set shown in Figure 1, and 
Figure 3, which shows a block schematic circuit 
diagram of a base station to be used in conjunc- 
tion with the test set shown in Figures 1 and 2. 
The use of the test set and base station, to be 
described with reference to the above drawings, in 
examples of the three test methods according to 
the invention in its second aspect will then be 
described by way of example only and with refer- 
ence to Figures 4a, 4b, and 4c which show sche- 
matically a simple fibre optic network under test. 

A hand-held fibre optic test set, according to 
the invention, is shown full scale in Figure 1. It 
comprises a generally rectangular shaped case 1 
enclosing electronic circuits to be described in 
more detail below with reference to Figure 2. Dis- 
posed on a face of the case are; a liquid crystal or 
similar multi-line, multi-character display 2 on 
which information 3 in alpha-numeric form may be 
displayed during use; a numeric keyboard 4 having 
additional " and # keys' after the manner of modern 
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telephone hand sets; an RS 232 serial digital com- 
munications socket 5; a test button 6; arid, a printer 
power control switch 7. On one side of the case 1 
is mounted a miniature loud speaker 8. 

5 Centrally disposed on top of the case 1 is an 

optical test port 9, to which may be connected by a 
conventional optical coupling connector 10 to a 
fibre optic cable such as that shown at 11. Sym- 
metrically disposed about the test port 9 are two L- 

70 shaped clamp arms 12, the longer sides of which 
are attached to or form part of the case 1 and the 
shorter sides of which are in mutually opposed 
relationship to define a gap into which a fibre optic 
cable such as 11 may be supportively clamped. 

75 One of the arms 12 carries a head 13 of a built-in 
cable market or printer. The position of the printer 
head 13 relative to an inserted cable 11 may be 
controlled by a sliding control button 14. 

Inside the case 1 is the electronic circuitry 

20 controlling the operations of the test set in its 
various modes of operation. The electronics is 
shown schematically in Figure 2. The optical test 
port 9 is connected by an internal fibre optic cable 
15 to an optical coupler 16 and thence to the 

25 output of an optical transmitter 17 and the input of 
an optical receiver 18. The transmitter 17, is ar- 
ranged to transmit light signals in response to 
electrical signals from a digital to analogue con- 
verter 21. The receiver 18 generates electrical sig- 

30 nals in response to light incident thereon and ap- 
plies the signals to an analogue to digital converter 
19. The output of the analogue-to-digital converter 
19 is fed to a data communications bus 20. The 
digital-to-analogue converter 21 is also connected 

35 to the bus 20. 

The communications bus 20 is also connected 
to serve a random access memory (RAM) 21, a 
read only memory 22, an RS232 serial communica- 
tions circuit 23 which is linked to the RS232 

40 * input/output socket 5 mentioned earlier, and an 
input/output (1.0) buffer unit 24. The buffer unit 24 
is connected to receive signals representing se- 
lected key presses of the keyboard 4 and to trans- 
mil character definition signals to the display 3 and 

45 the printer 1 3. The buffer unit 24 is also connected 
to supply transmit enabling signals to the optical 
transmitter 17 and sensitivity setting signals to the 
receiver 18. 

A microprocessor 25 is connected via the bus 
so 20 to control the operations of and communications 
between all the units connected to the . bus. The 
electronic circuitry inside the case 1 is powered by 
a rechargeable batteryAnains unit 26 connected to 
a mains input socket 28 and a low voltage charging 
55 socket 27 both mounted at convenient points on 
the case 1 . 

The hand-heid test set shown in Figures 1 and 
2 is designed to co-operate from time to time with 
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a base station 30 the electronic circuitry of which is 
shown schematically in Figure 3. One or more 
hand-held test sets may be inserted in the base 
station and when so inserted the circuitry of the 
base station is then interconnected with that of the 
hand-held test set as shown in Figure 3. The com- 
ponents of the hand-held test set are shown again 
for convenience within an area enclosed by dotted 
line 31 and have been given reference numerals 
corresponding to their equivalents in Figure 2 but 
'dashed' to indicate that a sub-set of the compo- 
nents shown tn Figure 2 are being used in this 
configuration. 

The base station 30 comprises a personal 
computer (PC), such as an IBM PC, 32 and asso- 
ciated visual display unit (VDU) 33 and printer 34, 
and a battery charger 35 which has a plurality of 
low voltage charger outputs 36 so that a number of 
hand-held test sets may be re-charged simulta- 
neously. The PC 32 has an RS232 communications 
port 37 and network communications link by means 
of which it can address and communicate with a 
number of hand-held test sets simultaneously. The 
test set shown in Figure 3 is seen connected to the 
PC 32 via its RS232 serial communications port 5 . 
The optical test ports 9 of each test set are con- 
nected to optical calibration ports 38 of . an optical 
calibration set (not shown) when at the base sta- 
tion. - 

In use, to check a fibre optic communications 
network an operator draws a hand-held test set, as 
shown in Figure 1, from the base station, as shown 
in Figure 3, where it has previously been charged, 
optically calibrated and programmed by means of 
the charger 35, the calibration port 38 and the PC 
32 respectively. 

The operator upon completion of a termination 
of or the installation of, an optical cable run, con- 
nects the node to be checked to the test set as 
shown at Figure 1 by means of the connector 9. 
The connector sleeve number is then keyed in by 
.the operator (in this case 213) on keyboard 4 and 
thence to the buffer unit 24 (Figure 2). 

With the printer switch in the OFF position the 
operator next presses the test button 6, resulting in 
one of two possible results; either an indication that 
the node under test passed or that it failed. Note: 
rather than a separate printer enable switch as 
shown this function could be combined with the 
printer head in-out movement. 

if the test result is a PASS then the operator 
enables the printer by means of switch 7 and 
presses the test button 6 once again. This results 
in the printer marking the cable sleeve with the 
number previously entered by the operator and 
temporarily stored in buffer unit 24. This confirms 
that the correct node number has been entered 
and tested by the operator. The printed code on 



the sleeve is proof of successful testing. The 
database within tho test set (RAM 21) is then 
updated with the new results. 

Should the initial test FAIL then the operator is 

s warned with a suitable caption on the display 3 
together with an audio tone via speaker 8. The data 
base (RAM 21) is updated to indicate the failure. 
The printer whether enabled or not under these 
circumstances does not operate because the 

io microprocessor 25 is programmed to disable the 
buffer unit's transfer operation in these circum- 
stances. 

Each press of the test button 6 causes the 
microprocessor 25 to select from a previously 

75 stored look-up table in RAM 21 a test signal appro- 
priate to the node and cable run under test and 
apply it to the digital to analogue converter 21. The 
buffer unit 24 energises the transmitter 17 which 
sends a light of known intensity into the cable via 

20 the coupler 16 and port 9 or 9b. The received 
optical signals, which may be reflected from a star 
coupler into the same cable under test, or diverted 
into a further cable, (see Figures 4a and 4b) is then 
received at the port 9 or the separate port 9b 

25 respectively and by the optical receiver 18. The 
optical receiver 18 is set to a predetermined sen- 
sitivity by means of the microprocessor 25, a look- 
up table in RAM 21 and the buffer unit 24, and 
produces an electrical -signal output corresponding 

30 to the intensity of the received light. This analogue 
signal is converted to digital form by converter 19 
and sent via bus 20'to be stored in RAM 21 in 
association with the cable sleeve number of the 
cable under test for subsequent read-out at the 

35 base station as described below. 

After the working shift during which a number 
of cables will have been tested the portable tester 
would be returned to the base station and con- 
nected to PC 32 via the serial communications link 

40 (RS232) 5' and an optical calibration port 38. 

The base station, under the control of suitable 
software in. PC 32, would calibrate the portable 
tester's optical receiver 18' and transmitter 19 thus 
establishing whether the test data recovered during 

45 the shift was viable or not. Next the base station 
would down load the test results held within the 
test set memory 21 ' and write this data into files 
held within the base station PC 32's memory. (See 
Figure 3) 

50 During the calibration process the base station 

would characterise the test set's transmitter 18* 
and receiver 19' by writing the correction vectors 
into the non-volatile memory 22' contained within 
the test set. This mechanism would ensure that 

55 quality was maintained at all times and has the 
advantage of being performed automatically (not 
labour intensive). 

Finally the test set would be connected to the 
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fast action charger port 36 -and the RS232 serial 
data link 5 used to down load the next shift ter- 
mination instructions. 

By incorporating the cable sleeve printer and 
the control logic within a single hand-held test set 
in this way, positive proof is provided of satisfac- 
tory testing. By storing the results and subse- 
quently down loading them for analysis in the PC 
the operator is freed from the burden of writing and 
transcribing results to a computer by hand. The 
equipment provides automatic calibration of the 
hand-held leslers, or any number of them, both 
before and after use. 

The equipment described may be used in 
three testing methods, illustrated in Figures 4a, 4b 
and 4c. which considerably speed up and improve 
the efficiency and accuracy of the characterisation 
process referred to above. The methods are:- 

Method 1 (Figure 4a) 

This is a simple approach which checks the 
attenuation of the optical path with light propagated 
in one direction ie, from the designated test port on 
a star coupler 39 to the subsystem node under 
test. A known amount of optical power is injected at 
the selected test node at the star coupjer, the test >j 
simply comprises measuring the ligfit at the con-. 
nector under test.- \ \ 

Method 2 (Figure 4b) 

For use with reflective star couplers only. 

This test relies on injecting light of known in- 
tensity into the network node under test and mea- 
suring the intensity of light reflected back from the 
star coupler 39. 

The advantage of this test method is that it can 
be carried out from one point in the network only, 
without the necessity to connect test equipment 1 
at two points within the network. 



thus removing the need for interconnecting cabling. 

All test results would be stored in' non-volatile 
memory RAM21 or ROM22 within the test set and 
down loaded into a PC hard disk data base each 

5 day. The records so generated could be used for 
many purposes, for example; they would give an 
accurate account to production managers of the 
current state of the aircraft build, the records couid 
be used for bonus calculations, the network profile 

70 so generated would accompany the aircraft 
throughout its life undergoing modification as 
changes and repairs were made. 

75 Claims 

1 An optical communications network test equip- 
ment for testing parameters of light transmitted and 
received via a plurality of fibre optic cabled light 

20 paths characterised by; 

programmable data storage means (21), for storing 
test stimulus data, and expected and actual re- 
sponse data for each of said light paths; 
an optical transmitter for (17) transmitting light with 

25 parameters determined by said test stimulus data; 
an optical receiver (18) for receiving light in re- 
sponse to actions of said transmitter and for pro- 

: ,, ; ducing said actual response data; 

t.: an optical coupler (16) for coupling light between 

■30 the transmitter (17) and receiver (16) and said 
cabled light paths; and 

comparator means (25) for comparing said actual 
response data with said expected response data. 

35 



40 



Method 3 (Figure 4c) 



Finally this method tests the optical path be- 
tween any two subsystem 40 connections in both 
directions. The method requires two test sets 1A so 
and 1B, one connected at the remote port under 
test and the other connected at the local port to be 
tested. The remote test set acts as a transponder 
transmitting a calibrated optical power level when 
cued by the local test set The remote transponder 55 
must also be capable of measuring the received 
optical power and conveying this information to the 
local test set, preferably over the bus under test, 
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© A handheld test set including a microprocessor- 
controlled optical transmitter (17) and receiver (18) 
for testing optical networks such as star couplers. 
Light intensity reflected from a star coupler under 



test is compared with a stored value in order to. 
indicate a pass or fail status. Test results are stored 
in a memory (21) for subsequent downloading into a 
database. . 



Fig. 2. 
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